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In a discussion of the relation of genic and 
endocrine factors in sex determination Dan- 
forth (1939) used the term genic to refer in 
a general way to the influences emanating 
from the nucleus and dependent upon its 
genetic constitution. To the term environ- 
mental he referred all influences reaching a 
cell from beyond the limits of its own cyto- 
plasm. He suggested that hormones and or- 
ganizers even when of autogenous derivation 
belong to the environmental group. However, 
he distinguished between the internal and 
external environmental agents depending on 
whether or not they normally arise within 
the individual. 

In an effort to evaluate the part played by 
the environmental agents determining sex it 
is desirable to use an organism in which the 
genetical mechanism for sex determination 
and the embryological history of the germ 
cells are known. In the domesticated stocks 
of the Mexican viviparous platyfish, Platy- 
‘poecilus maculatus Bellamy (1922, 1928), 
Gordon (1927, 1937), Fraser and Gordon 
(1929) and others showed that the chromo- 
‘somal regulation of sex may be expressed by 
the formula: WZ = female, ZZ = male. The 
history of the platyfish germ cells from their 
earliest appearance in the 1.2 millimeter em- 
bryos through their post-embryonic devel- 
opment and adult stages were described in 
that detail by Wolf (1931). He pointed out 


hat definitive ovaries and definitive testes 
were distinguishable on the day of the platy- 
fish’s birth. 

The present study is concerned with the 
effects of the synthetic steroid, pregnenino- 
one upon immature, but genetically deter- 
mined female platyfish and the effects of the 
trogenic substance alpha-estradiol benzo- 
on immature, but genetically determined 
platyfish. Utilizing the genetic sex de- 
nining mechanism, we sexed the platyfish 
hin two weeks after birth and applied the 
rmonal chemicals to the fish at this early 
This paper will describe, but only in a 
“Aided by the staff and facilities of the New York 
New York Zoological Society. 

address: E. R. Squibb and Co., New Brunswick, 


Text-figure 1). 


preliminary manner, the effects of the hor- 
mones on the developing gonad, skeleton, and 
sexual behavior. Grobstein (1940, 1942) “*had 
previously used the platyfish in studying the 
effects of testosterone proprionate on the 
normal and regenerating anal fins of adults. 
The experimental results reported in the 
present report are based upon the work of 
Cohen (1942). 

Hormonal regulation of development in 
poeciliid teleosts, other than Platypoecilus 
maculatus, were studied by Berkowitz (1937, 
1938, 1940), Eversole (1939) and Scott 
(1941, 1944), all of whom used the guppy, 
Lebistes reticulatus; Turner (1941, 1942) 
used Gambusia affinis; and Regnier (1937, 
1938), Baldwin and Goldin (1940), Witschi 
and Crown (1940), Noble and Borne (1940) 
studied the swordtail Xiphophorus hellerit. 
Much of this and other work was summarized 
and discussed broadly by Witschi (1939, 
1942). 


MATERIAL AND METHODS* 


The genetic method used to sex immature 
Platypoecilus maculatus for these studies 
was as follows: a black-spotted female of 
the domesticated stock, heterozygous for 
the pigmentation pattern, (W)+(Z)Sp, was 
mated to an unspotted, recessive male. - 
(Z)+(Z)+. They produced black-spotted 
sons (Z)+(Z)Sp, and unspotted daughters 
(W)+(Z)+, see Text-figure 1. The spotted 
pattern which is made up of clusters of 
large melanophores was recognized readily 
within a week of the fish’s birth. 

Fraser and Gordon (1929) indicated that 
crossing-over of the sex chromosomes oc- 
curred at the rate of about one per cent and 
this value has been recorded by other geneti- 
cists. Thus any error in sex determination, 


due to. genetic factors, could not have been ~ a 


of any consequence. Furthermore, only two 


instances of complete and functional sex re- — 3 


versals have been reported during 24 years — 


of genetic work with these fish (Gordon, 


1946). 


3 The hormones used in these studies were kindly sup- t Be 


plied by Dr. Erwin Schwenk of the Schering Con ere ae 
Bloomfield, New Jersey. ‘ be 


TEXT-FIG, 1. The genetic method that was use 
to sex immature domesticated Platypoecilus 
maculatus. A black-spotted female of the do- 
mesticated stock, heterozygous for the spotted 
pattern, was mated to an unspotted, recessive 
male. These are shown on the top line. They pro- 
duced black-spotted sons and unspotted daugh- 
ters, as shown on the second line. The spotted 
pattern may be recognized on the day of birth 
of the fish or within a week thereafter. (After 
Gordon, 1932). 


Fifteen immature but genetically deter- 
mined males were treated with one milligram 
of crystalline alpha-estradiol benzoate once 
a week; nineteen immature but genetically 
determined females were treated with five 
milligrams of the synthetic steroid pregneni- 
nolone once a week. Thirty-one fish were 
used as controls. The fish were kept in water, 
temperature at approximately 25°C., in three 
gallon glass aquaria, six animals to each 
tank. The hormonal substances were given 
to the fish beginning at an age of two weeks. 
Some of the animals were treated for eight 
weeks while others were given the hormones 
for twelve weeks, and still others received 
treatment for a maximum of twenty weeks. 
The fish swallowed many of the crystals as 
they fell through the water. Some of the crys- 
tals might have dissolved partially in the 
water and affected the fish directly. 

All the fish were fed similarly with com- 
mercial fishfoods, dried shrimp, dried liver 
and occasionally they were given live tubi- 
fex worms. At the conclusion of the experi- 
ments the animals were fixed in Bouin’s 
picro-formol fluid; the fish were measured, 
dissected, their gonads removed, sectioned 
and prepared for microscopical examination 
by staining with Harris’ hematoxylin alum 


‘these organs were removed and mounted 
for study in balsam or glycerin. 


EXPERIMENTAL RESULTS 


1. Effect of alpha-estradiol benzoate on 
_ gonads of immature, genetic male platyfish. 
____ In the untreated, control males, the testes 
were found to be fused and relatively large. 
‘The sperm duct epithelial cells were cuboidal, 
_ the spermatophores were abundant and all 
_ the other stages in spermatogenesis were 
_ found. In the estrogen-treated males, the 
gonads were small, compact and appeared bi- 
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and eosin. When gonopodia were induced, | 
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partite, the two lobes being separated by a | 
membrane. The cells of the sperm duct epi- 

thelium were columnar; the interstitial tis- § 
sue was profuse; a number of large ova were 
seen but spermatophores and spermatids 
were absent., The testicular elements that 
remained were spermatogonia. The general 
picture seen was one of a radical modifica- 
tion of development of the testes. As the 


of continuing along the lines of greater 
modification, changed slightly in the direc- 
tion of the controls. Thus after 20 weeks of 
treatment, the gonads were found to contain 
some spermatophores and none of them con- 
tained ova. 

2. Effect of pregneninolone on gonads of 
immature, genetic female platyfish. 

In the untreated, control females, the 
ovaries were fairly large, containing many 
oocytes and ova; the latter had abundant 
yolk material. In the pregneninolone-treated 
females, the ovaries were markedly changed; 
they were small and contained only a few 
oocytes. Mature ova with their usual com- 
plement of yolk were entirely wanting. The 
modified ovaries appeared definitely degen- 
erate. With continuing treatment, up to 20 
weeks, the conditions of gonadal degenera- 
tion were maintained. Within a single modi- 
fied ovary a structure resembling a sperm 
duct was discovered (Fig. 8). 

3. Effect of sex hormones on certain skele- 
tal elements. 

(a) Gonopodium, the modified anal fin. 

In genetic males in which the testes had 
been modified by estrogenic substance to a 
point where no mature sperms or secondary 
spermatocytes were present, the anal fins 
were not transformed. However, in those 
fish where the treatment with estrogens did 
not completely inhibit spermatogenesis and 
mature sperm were present, perfect gonopo- 
dia were found. 

Genetic females treated with pregnenino- 
lone for only two weeks developed gonopodia 
which, however, were aberrant in form. Simi- 
lar abnormalities were described by Grob-— 
stein (1942) when he treated adult femalés 
bee testosterone after removing their anal 

ns. 
(b) Gonopodial Suspensorium. 

Pregneninolone-treated females in which 
gonopodia were developed moved these fins — 
just as normal males moved their gono- — 
podia. Histological preparations of the in- — 
ternal skeletons of the modified females re- — 
vealed that they had developed typical, male- _ 
like gonopodial suspensoria. The gonapo- 
physes were well developed and the connec- 
tions between these and the gonactinosts — 


species by Langer (1913) and by Gordon an E 
Benzer (1945). Turner (1942) reported 
‘ . cs P 
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TABLE I. 
EFFECT OF ALPHA-ESTRADIOL BENZOATE ON GONADS OF DEVELOPING MALE PLATYFISH. 
| Estrogen Control Estrogen Control Estrogen Control 
No. 4 4 5 5 6 5 
Age : 2 Weeks 2 Weeks 2 Weeks 2 Weeks 2 Weeks 2 Weeks 
Duration 8 Weeks 8 Weeks 12 Weeks 12 Weeks 20 Weeks 20 Weeks 
Gross Small, Loose, Small, Large, Small Large 
Gonad bipartite, fused bipartite, loose, bipartite, isons 
compact compact fused compact fused 
aS (fig. 3) (fig. 1) 
Sperm Duct | Columnar Low, Columnar Low Columnar Low 
Epithelium cuboidal cuboidal cuboidal 
3 almost 
squamous 
Interstitial | Profuse Scant Profuse Seant Profuse Scant 
‘Tissue (fig. 4) (fig. 2) ai 
‘Presence Large ova Absent Absent Absent Absent Absent 
of Ova (fig. 5) FOS EI 
Spermato- | Absent Profuse Absent Profuse Few Profuse 
phores (fig. 1) 
rmatids | Absent Present Absent Present Few Few 
hysiologi- | Inhibited Active Inhibited Highly Slightly Highly 
active active active 


cal Status 


t 
similar results in treating female Gambusia, 
while Scott (1944) obtained them in Le- 
yistes. 
(c) Caudal fin rays. 
In females treated with pregneninolone 
e shortening of the 7th, 8th and 9th caudal 
n rays, and the lengthening of the 6th fin 
ay were induced. These changes produced 
a tiny sword-like extension on the tail fin, 
feature which is characteristic of a related 
species, Platypoecilus xiphidium. In normal 
3 maculatus the caudal fins were symmetri- 
3 in addition, the fin rays are strong and 
ir terminal ‘elements bifurcate at least 
ice. The fin rays of treated females were not 
furcate at their tips and they were of a 
aller dimension than those of the normal 
(Figs. 10, 11, 12). 
. Effect of sex hormones on total body 
Ty form. — 

1e females treated with androgens _ap- 
hed the body form and size of normal 
Table Ill), The males treated with es- 
resembled normal females. The 
; for body form were determined by 
value of thelr body length (not 

x tail fin 

y the 


value of 


of their body width 


this is the standard | 


a5 _ TABLE II. ost 
Pasowsersouoxe om Gonaps or DEVELOPING FEMALE P ae 


(measured from the base of anterior margin 
of the dorsal fin to the mid-point between the 
origins of the pelvic fins). 

Normal female platyfish exceeded the 
males in standard length. The treated fe- 
males showed the generalized effects of the 
androgens by their relatively smaller -size. 
On the other hand, the estrogen-treated 
males attained a size greater than did their 
controls. These results confirmed those ob- 
tained by Scott (1944) in Lebistes. 

5. Effects of sex hormones on sexual be- 


havior. 


Masculinized females when placed in an 
aquarium with normal females were aggres- 
sive, pursued the normal females, thrust 
their gonopodia toward them and attempted 
to copulate with them. 

Males feminized by treatment with estro- 
gens for seven weeks when placed in an 
aquarium with normal females made no at- 
tempt to pursue or mate with them. Later 


‘when the normal females were removed and 
were replaced with normal males, thenormal 


males pursued the feminized males and at- — 
tempted to mate with them. These observa- 
tions were carried out two or three pe ae 
week for a period ee a monte. dal 
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TABLE III. 
Form INDEx?. 


Alpha-estradiol Benzoate-treated Males 


ength Width Length Width es 
eae Cm. Form Index Cm. Cm. Form Index 

1.95 .65 3.0 1.55 A5 3.4 
2.2 70 3.14 1.9 50 3.8 
2.4 .85 2.8 : 2.05 .65 3.18 
PAINT) .80 2.9 ort ae is 40 3.25 
pigs} .70 ee 1.9 .50 3.80 
1.9 .70 Pah 1.4 40 3.50 
1.7 60 2.8 1.4 ‘40 3.50 
2.2 80 2.75 1.55 A5 3.40 
ay A) -60 2.9 1.50 45 Byes 
1.85 70) 2.6 1.40 40 8.50 

an 2.90 t= 6.7 Mean 3.50 
a P ¢ 0.001 

Normal Males Normal Females 
Ards) .50 8.50 AD. ke 14 2.8 
2.20 .60 3.67 ya LTS 2.8 
eo 45 3.80 Zo Bas) 2.8 
1.75 .b0 3.50 1.8 .70 2.56 
Io .50 3.50 25 .85 3.00 
a yes 245 3.80 2.6 .90 2.90 
TAS) A5 8.50 2.6 .90 2.90 
Mean 3.61 t= 9.8 Mean 2.82 
P < 0.001 


~ 4The data on form index differences in males and females were treated according to the methods described by shee 
and Roe in Quantitative~Zoology (1939;210-211) for the comparison of the means of two small samples. The data 


are significant. 


DISCUSSION 


The newly born platyfish is about 6.5 mm. 
long. At this stage, according to Wolf 
(1931) who traced the history of their germ 
cells, sex differentiation has already oc- 
curred. In the immature female, the paired 
gonads are fused medially; the germ cells 
have multiplied, spread throughout the body 
of the gland and enlarged to two or three 
times their original size. A number of stroma 
cells surround them, forming oocytes, and 
this is the first indication of follicle forma- 
tion. When pregneninolone is applied to two- 
week-old fishes, apparently oogenesis is in- 
hibited beyond oocyte development for no 
ova were found after 5, 8, 11 and 20 weeks 
of treatment; in one female a sperm duct-like 
structure was found. The gonads of the con- 

_ trol fish contained all stages of oogenesis in- 
cluding yolk-filled ripe ova. These results 
were similar, for the most part, to work on 

female swordtails and guppies. 
-___The work of Vivian (1939) and Matthews 
(1939), who hypophsectomized Fundulus fe- 


mary oocytes was suppressed, and the work 
of Hasler, Meyer and Field (1939) on induc- 
Ing trout to spawn prematurely with the aid 
; of pituitary glands of the carp, are sugges- 
tive of the possibility that the pituitary func- 
tion in female platyfish was inhibited by the 


Zoologica: New York Zoological Society 


_ males and found that maturation of the pri- © 


_ application of pregneninolone. This appears» 


Pregneninolone-treated Females 


likely for not only were the oogenesis proc- 
esses interrupted in treated platyfish, but the 
larger size of the normal female was never 
reached by pregneninolene-treated females. 

In the early postnatal male platyfish Wolf 
found that the germ cells are pushed out to 
the periphery of the gland, so that the center 
of the embryonic testis is occupied by stroma 
cells only, and this condition he reported is 
similar to the one found in Xiphophorus 
helleriti. The stroma cells cluster to form a 
duct which is destined to be the sperm duct. 
In slightly older fish (9 to 12 mm.) Wolf 
found that the gonads are united and parti- 
ally fused, but even the mature testis shows 
its bilateral origin in its bilobed contour, but 
it is not bipartite. In the normal 16 mm. or 
late juvenile testis, spermatocytes only are 
present; indeed, at this stage there seems to 
be a great deal of degeneration of the sex. 
cells in the normal fish. This degeneration is _ 
attributed to the rapid proliferation of the 
germ cells with an inadequate blood supply — 
for all of them. Wolf is.convinced, however, 
that this degeneration of some germ cells 
has no significance in the history of the germ 
cells. In the definitive adult gonad, in Platy 
poecilus and in Xiphophorus, Wolf found ni 
seminiferous tubules. Acini form from pre- 
existing acini at the periphery of the testis, 
which in turn are descended from the Dp 
mordial germ cells, and as they form they a 
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pushed in toward the center of the testis. 
Wolf is emphatic in his belief that neither 
the peritoneal covering of the testis, the 
stroma cells, nor the cells of the sperm duct 
transform into sex cells. 

The generalized effects of treating gene- 
tically determined male platyfish with alpha- 
estradiol benzoate was the suppression of 
spermatogenesis beyond the spermatocyte 
stages and in the induction of ovo-testes in 
some instances. In males treated for 8 weeks 
large ova were found; in males treated for 
12 weeks a few small oocytes were found, 
while in males treated for 20 weeks no 
oocytes or ova were seen. This indicates a 
lessening of effectiveness of the estrogen. In 
the early stages of the treatment an insuf- 
ficient testicular secretion may have been 
overruled by the applied estrogen; in more 
mature males the normal testicular secretion 
may have been sufficient. The generalized 
inhibitory effects of normal testicular devel- 
opment by estrogens have been reported in 
the swordtail and guppy. However, the ex- 
periments of Crown (1941) described briefly 
by Witschi (1942) show that many Xipho- 
phorus females may become masculinized by 
estrone, too. Their ovaries regress, the anal 
fin transforms incompletely into a gono- 
podium and the sword characteristic of the 
male tail fin begins to form. One might wish 
that the genetic sex determining mechanism 
in the swordtail was as clear as that in the 
platyfish. Nevertheless, we have one confir- 
matory fact to add in this connection. We had 
a gravid female platyfish which produced a 
brood under normal conditions. It was then 
subjected to alpha-estradiol benzoate treat- 

ent for three months; at frequent intervals 
was allowed the company of a fertile male 
aty under normal conditions. After the 
ree month period, the treatment was dis- 
mtinued. While under the influence of the 
estrogen, it did not produce any further 
broods, but after the fourth month, six weeks 
er the treatment was over, it had another 
“ood. In this instance the estrogenic hor- 
ones may have affected the sperm adversely 
hin the oviduct, or they may have pre- 
ted oogenesis. 
yardner and Pfieffer (1945) reviewed the 
ibject of the influences of estrogens and 
gens on the skeletal systems of higher 
brates, but gave only passing attention 
s. Grobstein (1941) found that gono- 
egenerated in place of normal anal 
ale platyfish when subjected to 

treatment, and similar results 
d in Gambusia by Turner (1941, 
in Mollienisia by Cummings 
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: articulates with a com- 
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of Witschi (1942) claimed that 
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the first three caudal vertebrae become modi- 
fied into gonapophyses and the anterior in- 
terhemal spines become modified into a 
series of fused gonactinosts; in addition, a 
powerful gonopodial muscle is developed in 
normal adult male platyfish. The skeletal 
gonopodial suspensorial elements in the male 
platyfish were first described by Langer 
(1913) and more recently in a comparative 
way by Gordon and Benzer (1945). Similar 
gonopodial suspensorial elements were in- 
duced in treating young females with preg- 
neninolone. This androgen also modified the 
structures of the caudal fin, the most inter- 
esting effect being the induction of a tiny 
sword in female Platypoecilus maculatus 
which is taxonomically diagnostic of Platy- 
poecilus xiphidium. This feature was dis- 
cussed previously by Gordon, Cohen and 
Nigrelli (1948). In addition, we have found 
a specific effect of androgens in suppressing 
the tertiary bifurcation of the caudal fin rays 
and in reducing the calibre of the rays. : 
Berkowitz (1938) showed that estrogens : 
increased the size of Lebistes males be- = 
yond that usually attained by them, and 
Eversole (1941) found that androgens re- 
duce the size attained by female guppies. In 
our experiment, these general results were 
confirmed in the platyfish. In addition, the 
body contour characteristic of the normal 
female was induced in estrogen-treated males ~ 
and that of the male was obtained in preg- 
neninolone-treated females. Gerschler (1914) 
and Bellamy (1922) measured platyfish and | — 
found that the greatest depth divided into _ 
the standard length produced the body index 
value of 2.7 in both sexes, but Chambers ~ 
(unpublished) found that females had a i 
greater depth than the males, and our figures ~ 
‘are in line with those of Chambers (1935). — 
Noble and Borne (1940) showed that — 
androgens would elevate the rank of an in- 
dividual swordtail in the social hierarchy of 
a group living under aquarium conditions. 
Androgen treatment caused female guppies 
to act like males in their great sexual dri 
according to Eversole (1940, 1941). The d 
ference in the sexual behavior in Lebist 
great; the females (according to Breder an 
Coates, 1935) show no response whatever 
while the males are ceaseless in their cou 
ship activities. © suck 
Braddock (1945) found that a social hi 
archy is present in a group of pla 
We found that the behavior pattern 
fish may be reversed completely b 
ment of females with pregneninol 
treatment of males with alpha-es 
zoate, and this is in line with 
others working with many spe 
and other vertebrates. 
- Insummarizing the work o 
ulation of development in lowe} 
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have relatively little to do with primary sex 
differentiation, and that the inductor sub- 
stances, which play their roles at. earlier 
stages of the ontogenetic process than sex 
hormones, belong to a separate class of chem- 
ical materials. It appears then in order to 
tackle this general problem of the influence 
and nature of the internal and external en- 
vironmental agents in sex-determination, it 
is desirable to know accurately and in ad- 
vance the genetic sex of an individual before 
treatment. For this purpose the platyfish, 
Platypoecilus maculatus, and their sex-linked 
characters might provide the suitable test 
animals. 


SUM MARY. 


Alpha-estradiol benzoate suppressed 
spermatogenesis but stimulated the develop- 
ment of connective and interstitial tissues in 
genetic, immature male Platypoecilus macu- 
latus. The transformation of the anal fins 
into gonopodia was prevented. Young males 
treated for 8 to 12 weeks showed ova in 
ovo-testes; males treated 20 weeks showed no 
ova and indicated a falling off of the inhibit- 
ing effects of the estrogen. 

Pregneninolone suppressed oogenesis and 
yolk formation in genetic, immature female 
platyfish. The effects did not diminish in ani- 
mals treated for 20 weeks; on the contrary, 

. the ovaries showed greater degeneration. 
The following male-like characters appeared : 
gonopodia, elements of the gonopodial sus- 
pensorium: gonapophyses and gonactinosts. 
In addition, tiny sword-like extensions ap- 
peared in the caudal fins. Bifurcations of the 
fin rays did not proceed beyond the primary 
stage. 

Immature females treated with pregnen- 
inolone developed a body index and body size 
characteristic of normal males, while imma- 
ture males treated with alpha-estradiol ben- 
zoate developed the body index and body size 
characteristic of normal females. 

ar Pregneninolone-treated females developed 
_ courtship behavior patterns characteristic of 

males ; they became aggressive ; pursued and 

thrust their gonopodia toward and attempted 

to copulate with normal mature females. 
: Estrogen-treated males behaved like fe- 
males; they lost their aggressiveness and 
- normal males pursued them. None of the sex- 
__ ually reversed males or females were fertile. 
The use of genetic methods for the de- 
__ termination of the genic sex of the imma- 
ee. ture animal was suggested as a desirable tool 
pees’) evaluating the effects of the environmental 
puts like sex hormones on sexual develop- 
- ment. ( 
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EXPLANATION OF THE PLATES 
PLATES I. small and compact; compare this fig- 
Fig. 1. Testis of Normal Male, 12 Weeks Old: ee Fig. 6 Leal reproduc 
This normal testis is fused with no rs t aie oie Se: eae a are 
evidence of an earlier developmentahk-: 4, cet Se 3 Sens. 4 Te OOS 
bipartite gonad. All stages of sperma- ; oocytes (0).:No ee pt Chere ss : 
togenesis including many spermato- Fig. 8. Ovary of Pregneninolone-treated Fe- 
phores (Sp) are represented. The male, 8 Weeks Old. This ovary is shown 
interstitial tissue is scant; the gonad under higher magnification. It is a 
as a whole is loosely constructed. 100. tubular structure which resembles a 
Fig. 2. Testis of Normal Male, 12 Weeks Old. testicular sperm duct (Sd). Oocytes 
This is same as above but under greater (o) are found throughout. 100. 
magnification. The deeply staining Fig. 9. a elle, Region of a Pregnenino- 
ring-like structures are spermato- one-treated Female, 11 Weeks Old. 
phores (Sp) containing mature sperms, The ovary is represented by a few 
ripe and ready for ejaculation. The scattered oocytes (0) and these ger- 
spermatids and other stages of sper- minal elements do not contain yolk. 
matogenesis (S7) are represented by Portions of the intestine (7) are 
the lighter-staining roundish masses. shown. 100. 
440. 
Fig. 3. Testis of Estrogen-treated Male, 12 PLATE IV. 
Weeks Old. This testis of a treated Fig. 10. Caudal Fin Rays of Normal Female. 
male shows the bipartite structure The fin rays near their origin have 
(P to P). Spermatogenesis has only a greater diameter than those shown 
proceeded to the stage of formation below. At their terminal points shown 
of spermatogonia and spermatocytes here, the fin rays show a secondary 
Pen tees ee pen ane (2) bifurcation. The primary (1) bi- 
ing. . urcation may be seen through the 
center of the figure. The dots represent 
PLATE II, the micromelanoph 
phores. 5X. 
Fig. 4. Testis of Estrogen-treated Male, 12 Fig.11. Caudal Fin Ray 1 
Og 5 Skat ys of a Pregneninolone- 
Weeks Old. This is the same as Fig. 3 treated Female. The fin rays have a 
Ae Der aaest ip oa ee ae sae diameter than those of the 
ct wil a greater normal shown above. The rays show 
puny oF eee ests (N) than only a primary (1) bifurcation, Owing 
: nd in an untreated male, Sper- to the shortening of the 7th, 8th and 
matogonia and spermatocytes (Sr) 9th fin rays and a lengthening of the 
me prevailing germinal elements. 6th, a tiny sword-like struteure was 
: induced (S), a feature which 
Fig. 5. Ovo-testis of Estrogen-treated Male, the sword of a related Seine Plath 
8 Weeks Old. An oocyte (O) is present poecilus xiphidium. See Fig. 12. 5X. 
in the upper left portion of the figure. 
dhe eerstivial tissue is profuse PLATE V. 
roughout the gonad. 440. Fig. 12. The Platyfishes: Platypoecilus macu-_ 
PLATE III. latus and xiphidium, The male P. 
Fie. 6. ae of Normal Female, 8 Weeks Old. mocuieys eee ee ene ne ed 
e ovary is large and occupies the : eae 
greater portion of the abaswaial cav- one Sin the SRRED, DED t N Ole ae 
PoThe ova: (ov) ase well Merelaned short “sword” in P. xiphidium male. 
and well ‘Alled with yolk (7) The The fin rays of all the fishes have pri- 
smaller circular masses are oocytes mary ond scegndary bifireations. Tag 
(o). In sectioning the ovary, the vole nale Ei, mcoulbong Bas 20) “Swords Tae 
within the ova fragments. 100X. ES aep faek “ see were ee ea ae : 
‘ > may be induced in female P. — 
Fig. 7. Ovary of Pregneninolone-treated Fe- maculatus by the application of the 


male, 8 Weeks Old. The ovary is very 


androgenic substance, pregneninolone. _ 
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FIG, 3. 


EFFECTS OF SEX HORMONES ON THE DEVELOPMENT OF THE 
PLATYFISH, PLATYPOECILUS MACULATUS. 
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PLATE Il. 


FIG. 5. 


EFFECTS OF SEX HORMONES ON THE DEVELOPMENT OF THE 
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PLATYFISH, PLATYPOECILUS MACULATUS. 
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PLATE III. 


FIG. 8. ; FIG. 9° 


EFFECTS OF SEX HORMONES ON THE DEVELOPMENT OF THE 
PLATYFISH, PLATYPOECILUS MACULATUS. 
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FIG. 11. 


EFFECTS OF SEX HORMONES ON THE DEVELOPMENT OF THE 
PLATYFISH, PLATYPOECILUS MACULATUS. 
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